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Measurement of Low Energy Primary Cosmic Ray Protons on IMP-1 S a t e l l i t e  

F.  B .  McDonald 
G .  H. Ludwig 

NASA Goddard Space F l i g h t  Center 
Greenbect , Maryland 

The f i r s t  p r e c i s e  de te rmina t ion  of the  i n t e n s i t y  and energy s p e c t r a  of  

primary cosmic ray pro tons  i n  the 15-75 MeV i n t e r v a l  has  been made wi th  a 

t h r e e  element energy vs .  energy-loss  te lescope  aboard the  IMP-1 (Explorer  

XVIII) s a t e l l i t e .  This  s p a c e c r a f t  had an apogee of 193,000 km and only 

d a t a  obta ined  w e l l  beyond the  e f f e c t s  of t h e  e a r t h ’ s  magnetosphere a r e  

cons idered .  The measurements repor ted  he re  cover  the  time i n t e r v a l  

8 December 1963 t o  6 May 196L and a r e  considered t o  be r e p r e s e n t a t i v e  of  

t h e  pe r iod  j u s t  p r i o r  t o  soi.ar minimum. The pro ton  i n t e n s i t y  i n  t h e  range 

15-75 MeV w a s  observed t o  be 19 proton/m2-sec-s ter  o r  approximately 1% of 

the  t o t a l  primary cosmic r.iy i n t e n s i t y  and t o  e x h i b i t  a s t e e p l y  f a l l i n g  

energy spectrum toward l m e r  ene rg ie s ,  decreas ing’by  a f a c t Q r  of 5 over 

t h i s  i n t e r v a l .  

1 
% .  

. *  
One p o i n t  f o r  helium was obta ined  i n  the  range 65-75 Meb/nuc. /&L- 

The E vs dE/dx te1e;cope (Figure l a )  provides  a means of s tudying t h i s  

low energy component i n  the  presence of  h ighe r  energy cosmic r ays .  Because 1 

of t h e  background and low f l u x  i n  t h i s  energy i n t e r v a l ,  s i g n i f i c a n t  measure- 

ments cannot  be obtainrtd by ba l loon  or rocke t  techniques  b u t  a r e  dependent 

on s a t e l l i t e  measurericnts. The p r i n c i p a l  of ope ra t ion  of t he  t e l e scope  i s  

. 
shown i n  F igure  1. F 3 r  each p a r t i c l e  which t r a v e r s e s  the  AE counter  and .L 

s t o p s  i n  the  E c r y s t z l  ( a s  def ined  by the  p l a s t i c  s c i n t i l l a t o r  an t i co inc idence  

cup) measurements ,if AE and E - AE a r e  made by 512 channel  p u l s e  h e i g h t  

ana lyze r s  and t r a r s r i i t t e d  over the  s a t e l l i t e  te lemet ry  systems. A s  shown 
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i n  F igure  I b ,  t h i s  provides  a measure of mass, charge and energy r e s o l u t i o n  

f o r  Z = 1, 2 p a r t i c l e s .  The e l e c t r o n  da taan .  d i scussed  i n  an  accompanying 

paper .  S a t u r a t i o n  e f f e c t s  prevented the  a lpha  p a r t i c l e  d a t a  from be ing  

extended to  lower e n e r g i e s .  This does no t  a f f e c t  t h e  H o r  e d a t a .  Mass 

histograms have been obta ined  i n  the  pro ton  r eg ion  f o r  s i x  energy i n t e r v a l s  

of about 10 MeV each by summing the  d a t a  i n  11 channels cons t ruc t ed  p a r a l l e l  

t o  and centered about t h e  p ro ton  l i n e  of F igure  l b .  These s i x  energy i n t e r v a l s  

f o r  H a r e  shown i n  F igure  2 .  The c l ean  r e s o l u t i o n  of t he  pro ton  d i s t r i b u t i o n  

a t  a l l  energ ies  i s  s t r i k i n g .  The background c o r r e c t i o n  ( i l l u s t r a t e d  by t h e  

dashed l i n e  of F igure  2 )  has been app l i ed  us ing  the  exper imenta l  p ro ton  

d i s t r i b u t i o n  obta ined  from the  t . s o l a r  cosmic r a y  event  of 16 March 1964. 

The r i g i d i t y  and energy s p e c t r a  obta ined  from t h e  mass histogram d a t a  of 

F igure  2 along wi th  t h e  s i n g l e  a p o i n t  is  shown i n  F igure  3. 

L 

To search f o r  long term v a r i a t i o n s ,  t h e  d a t a  were d iv ided  i n t o  two 

i n t e r v a l s  covering t h e  pe r iod  8 December 1963 - 14 March 1964 and 2 2  March 

1964 - 6 May 1964.  Except a t  t h e  lowest energy p o i n t ,  t h e  d a t a  a r e  c o n s i s t e n t  

w i t h  a change of l e s s  than 10% i n  the  p ro ton  f l u x  i n  the  15-75 MeV reg ion  

between these  two p e r i o d s .  The inc rease  on the  low energy p o i n t  may be due 

t o  an  inc rease  i n  t h e  g a l a c t i c  f l u x  o r ,  most probably ,  t o  t he  sma l l  s o l a r  

p ro ton  event of 16 March 1964. We cannot r u l e  o u t  l a r g e  s h o r t  time v a r i a -  

t i o n s  s i n c e  t h e  long times r equ i r ed  t o  o b t a i n  meaningful s t a t i s t i c s  p rec lude  

t h e  p o s s i b i l i t y  of observing v a r i a t i o n s  occur r ing  over a s h o r t e r  time s c a l e .  . 
Proton  and helium d a t a  obta ined  a t  h ighe r  e n e r g i e s  from t h e  ba l loon  d a t a  

of Balasubrahmanyan and McDonald-, and F i c h t e l  e t .  a l . ’  a r e  shown f o r  

comparison. I t  is observed t h a t  a t  t h i s  pe r iod  of t h e  s o l a r  c y c l e  j u s t  

4 .  

,> 



- 3 -  

p r i o r  t o  s o l a r  minimum the re  i s  a sharp decrease  i n  both s p e c t r a  toward lower 

ene rg ie s  t h a t  extends t o  the  lowest observed energy. 

The f l u x  of deuterium could no t  be reso lved  from t h e  background and an 

upper l i m i t  o f  8% of the  pro ton  f l u x  over t h e  corresponding energy i n t e r v a l  

8 

w a s  placed on i t s  abundance. c 

4 During the  las t  s o l a r  minimum an a r c t i c  l a t i t u d e  survey by Meredi th ,  e t . a l .  

us ing  a rocke t  borne s i n g l e  Geiger counter  had ind ica t ed  the  cosmic ray  

i n t e n s i t y  d id  no t  i nc rease  s t rong ly  a t  low ene rg ie s .  The i o n i z a t i o n  chamber 

d a t a  of N e h e g a t  ba l loon  a l t i t u d e  suggested a s t r o n g  v a r i a t i o n  i n  the  low 

energy range >lo0 MeV a n t i - c o r r e l a t e d  with s o l a r  a c t i v i t y .  

The only  previous s a t e l l i t e  measurements i n  t h i s  reg ion  were made by 

Stone' i n  l a t e  1961 on a p o l a r  o r b i t i n g  s a t e l l i t e .  

1 2  counts  i n  the  energy i n t e r v a l  11-125 MeV.  They were c o n s i s t e n t  w i th  a 

f l a t  energy spectrum and served t o  p lace  an  upper l i m i t  of  about  1 proton/m - 
sec-MeV on the  pro ton  f l u x  s i n c e  an a c t i v e  an t i co inc idence  device  was n o t  

used.  The d a t a  i n  F igure  3 show the  h ighes t  energy p o i n t  of t he  IMP d a t a  

r epor t ed  he re  is  i n  gene ra l  agreement wi th  the  lowest energy p o i n t  ob ta ined  

i n  t h e  June 1963 ba l loon  f l i g h t  by Balasubrahmanyan and McDonald2 and F i c h t e l  , 

This  s tudy  was based on 

2 

3 

e t .  a l .  

sec-MeV obta ined  on a h igh  l a t i t u d e  f l i g h t  of Bruns te in  i n  19627 and w i t h  t h e  

lowest energy p o i n t s  ob ta ined  by F r e i e r  and Waddington8 and Ornes and Webber 

It i s  a l s o  c o n s i s t e n t  wi th  the upper l i m i t  of dJ/dE < .49 protons/mZ- 

. 9 

from 1963 ba l loon  f l i g h t s .  

n~-,?-i~ic' 1 z .d. low r i g i d i t y  s p e c t r a  i s  a l s o  obta ined .  

Fu r the r  conf i rmat ion  of the  s p l i t t i n g  of t he  .- 
The pro ton  and a lpha  s p e c t r a  as observed i n  i n t e r p l a n e t a r y  space r e s u l t  

from a s u p e r p o s i t i o n  of t h r e e  processes - i n i t i a l  a c c e l e r a t i o n ,  d i f f u s i o n  

through t h e  ga laxy  and s o l a r  modulation. To i i1;s t l ra te  t hese  processes  assume 
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(1)  Energy s p e c t r a  a t  i n j e c t i o n  a r e  of t he  form 

w ( l  + E)‘.’ II 

( 2 )  Traversa l  of 2 .5  gm/cm2 of hydrogen before  reaching the  s o l a r  system; , 
and 

( 3 )  The s o l a r  modulation i s  of the form 

where p ( E )  i s  the  d e n s i t y  of cosmic r a y s  wi th  k i n e t i c  energy E ,  and d j /dE 

is the  observed d i f f e r e n t i a l  energy spectrum whi le  d j  /dE i s  the  unmodulated 

o r  s t e l l a r  spectrum and W i s  the p a r t i c l e  v e l o c i t y .  Assumption (1) i s  based 

on an e x t r a p o l a t i o n  t o  low ene rg ie s  of observa t ions  above 4 Bev”. The 2.5 

gm/cm2 of H i s  implied by the  r e l a t i v e  abundance of L i ,  B e ,  and B i n  the  primary 

beam’’ and the s o l a r  modulation func t ion  is  a d i f f u s i o n  model proposed by 

Parker  . In  t h i s  model an equ i l ib r ium s t a t e  i s  e s t a b l i s h e d  between d i f f u s i o n  

0 

1 2  

inward through i r r e g u l a r  magnetic f i e l d s  and removal by outward convect ion.  

The s o l a r  modulation e f f e c t s  have been obta ined  by normalizing a t  200 MeV. 

These c a l c u l a t i o n s  a r e  shown by t h e  do t t ed  curve of F igure  3b. While i t  can 

be concluded t h a t  e i t h e r  the  i n j e c t i o n  s p e c t r a  a r e  s t e e p e r  than a s imple 

power l a w  (as one might hypothes ize  from s o l a r  cosmic r ay  s t u d i e s )  o r  t h a t  c 

t he  e f f e c t s  o f  s o l a r  modulation a r e  not  as s t r o n g  a t  low ene rg ie s  ( i n  agree-  

ment wi th  the lack of s i g n i f i c a n t  long term time v a r i a t i o n s ) ,  t he  primary 
-. 

e f f e c t  of these admi t ted ly  crude assumptions is  t o  show t h a t  indeed t h e  

product ion  of the  observed s t e e p  pro ton  energy spectrum i s  n o t  unexpected 
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on t h e  b a s i s  of o the r  cosmic ray observat ions.  It i s  t o  be expected t h a t  

f u r t h e r  observa t ions  over the  per iod of s o l a r  minimum coupled wi th  low energy 

measurements of mu l t ip ly  charged pr imaries  w i l l  permi t  more a c c u r a t e  determina- 

t i o n s  of t h e  source s p e c t r a  and the s o l a r  modulation mechanism. 
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F ZGURE CAPTIONS 
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Schematic Drawing of E vs  dE/dx Telescope. 

lower s c i n t i l l a t o r  (A) a r e  accepted f o r  a n a l y s i s  while  those  which e n t e r  

t h e  an t i co inc idence  cup ( B )  a r e  r e j e c t e d .  

P a r t i c l e s  which s t o p  i n  t h e  

Mass and Energy Response of E L-(E-AE)J and dE/dx (4E) Telescope.  

Mass Histogram f o r  6 Energy I n t e r v a l s  i n  Proton Region. 

Cosmic Ray Proton Energy Spec t ra  f o r  Two D i f f e r e n t  Time Per iods .  The 

d o t t e d  l i n e  i n d i c a t e s  an  Empirical  F i t  t o  the  Data of t he  form 10- 3 E1.5 

IMP Proton and cy R i g i d i t y  Spec t ra .  Shown f o r  Comparison is the  Balloon 

Data of F i c h t e l  e t . a l . 3  and Balasubrahmanyan e t . a l .  . 2 
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